Introduction
Human immunodeficiency virus (HIV) and tuberculosis (TB) have become a global syndemic responsible for nearly 25% of all HIV-associated deaths. 1 The World Health Organization (WHO) slow IPT uptake in developing countries may be a symptom of a range of problems in the health systems of these countries, including a lack of evaluation studies. Therefore, the evaluation of IPT uptake is a crucial step to improving the implementation of IPT.
Lesotho is an independent country completely surrounded by South Africa, with about 2.2 million people and an estimated gross domestic product (GDP) per capita of $1000.00, which puts the country into the low-income countries tier. 16 With a 23.5% adult HIV prevalence rate, the country has the second highest prevalence rate of HIV worldwide 17 and with 665 TB incidences per 100 000 population, 1 the country is one of the top three nations with the highest rates of TB worldwide.
The Government of Lesotho (GoL) implemented the 6-month IPT guidelines of the WHO in 2011. 18 However, ever since its launch, information on the rate of initiation of IPT and the associated factors has remained obscure. 18 Of note, the country has not provided data for the IPT indicator to the WHO repository from the time the programme was launched. 1 So, this study assessed the rate of initiation and retention of PLHIV on IPT and the associated factors in the high HIV/TB burden setting of Lesotho with the aim of identifying the barriers to the implementation of IPT in the country.
Methods

Study setting
Lesotho is divided into 10 administrative districts, five of which are densely populated and are considered scale-up districts for HIV/TB programmes. The scale-up districts occupy the lowlands of the country, while the other five (nonscale-up districts) occupy the mountainous sparsely populated highlands. 19 Study participants were sampled from three district hospitals in three sparsely populated (non-scale-up) districts and five district hospitals from three densely inhabited (scale-up) districts of the country (see Figure 1 ).
Study design
This longitudinal retrospective cohort study analysed, based on Cox's proportional hazard regression, the probability of IPT initiation in PLHIV in Lesotho, considering time to IPT as the dependent variable. Further, the study assumed that the rate of IPT initiation was fairly constant and that the rate generally fitted an exponential curve that could be modelled by Cox's proportional hazards function. 4 
Study population
The target population was PLHIV enrolled into HIV care between 2004 and 2016 in the eight health institutions, all of which were district hospitals with at least 2000 patients on antiretroviral therapy (ART). Antiretroviral therapy records of HIV-positive children, adolescents and adults, including geriatric patients and pregnant women, were selected using stratified systematic random sampling across eight health facilities, ensuring proportional representation of all patient categories including gender, age and period of enrolment.
Sample size calculation
The minimum sample size was calculated following standard guidelines for estimating incidence with a specified relative precision. 20 The minimum number of patients' records, assuming a relative precision of 10% at 5% significance level, 20 was 385 at each hospital or 3080 in the eight hospitals. However, an additional 40% were added to cater for incomplete records, implying that at least 4620 patient files were required.
Patient sampling and data collection
File selection was based on stratified systematic random sampling using a sampling frame that was prepared from the ART attendance registers by drawing a list of all the patients enrolled into HIV care since 2004. The total sample of files per hospital was obtained by dividing the total number of patients enrolled in HIV care by the proportional target sample size for the hospital.
Demographic and clinical data were captured between January and October 2016 from the paper-based ART and IPT registers into a Microsoft Access database (Microsoft, Richmond, United States) designed by the researchers. Overall, 4122 patient files were collected. Of the 4122 patients, 1167 were excluded according to the exclusion criteria presented in Figure 2 .
Patient data and outcome measures
Time-variant variables such as age were calculated according to the time at enrolment into HIV care. Patients late for their scheduled appointments by more than a month and those who did not return for ART services were classified as loss to follow-up.
Time to IPT (in months) was calculated by subtracting the date of enrolment into HIV care from the date IPT was prescribed. Patient treatment outcomes were assessed by median cluster of differentiation 4 (CD4) and viral load values. The duration before ART commencement (in years), known as the pre-ART period, was calculated by subtracting the date of HIV diagnosis from that of ART commencement. Furthermore, the proportion of patients who had interrupted IPT therapy was also calculated and the factors associated with interrupting therapy were assessed using chi-square test and logistic regression analysis.
Data preparation
Data for IPT initiation in the database were verified and exported to Stata version 13.1 (StataCorp, TX, United States) for further cleaning and analysis. Data were formatted for survival analysis as discrete-time survival data with interval date as the time variable. The occurrence of the IPT event defined the 'failure' outcome with the time scale in years. To obtain comparable follow-up times, patients enrolled before IPT was available were declared to have entered the risk set in 2011, the year IPT was launched in the country. For purposes of calculating Cox's proportional hazards ratios, entry times into the risk set for all the patients were delayed by 1 month to calibrate for inconsistencies at first entry into the risk set. The date of enrolment into HIV care and the exit date marked the left and right censoring times, respectively.
Analysing patient characteristics associated with isoniazid preventive therapy initiation
The proportional 'hazard' 21 in this study was the probability that an individual with certain characteristics would receive IPT in a specified time. To cater for observation gaps, followup times were subdivided into 6-month discrete intervals 22 and Breslow's correction was used to correct for this treatment of data. 21 Patient characteristics associated with IPT initiation were summarised by cross-tabulation. These characteristics were further analysed using univariate Kaplan-Meier survival functions to determine their suitability in the analysis model. Further, Wilcoxon's log-rank test and Cox regression Table 1 ) were selected into the model and excluded using the stepwise method.
The model was tested for predictor interaction and two variables namely, duration of ART and the district category had significant interactions (p < 0.005). The models with and without the interaction variables were compared using the likelihood ratio test (Lrtest) and the difference was found to be significant (Chi [3] = 10.0; p = 0.006), implying that the bigger model with the interaction terms was superior to the one without.
The unstratified model was checked for proportionality using the Schoenfeld and scaled Schoenfeld residuals (Phtest) test. One categorical variable, duration of ART significantly (p = 0.032), violated the proportionality assumption, but was, however, retained in the model and the anomaly corrected through stratification with period of enrolment.
Ethical considerations
The study was approved by the Ethics Committee of the Ministry of Health of Lesotho. Permission to conduct the study was also granted by the hospital authorities. Fictional identifier codes were assigned to the patients in the database and all patient data were treated with confidentiality.
Results
Associations between incident isoniazid preventive therapy initiation and predictor variables
In total, 2955 patients were included in the final analysis (see Appendix 1, Table 1 -A1, for extended patient characteristics cross-tabulated with IPT initiation outcome). Associations between patient characteristics and interrupting isoniazid preventive therapy 
The rate of initiation of isoniazid preventive therapy
Out of 10 variables considered for inclusion in the model, three predictors, district category, age group and duration on ART emerged as significant (p < 0.050) predictors (Table 3) . Two predictors, duration on ART and district category, had significant (p = 0.000) interactions (shown as duration on ART # District category in Table 3 ).
In the final model stratified by period of enrolment into HIV care (Table 3) , considering the patients enrolled on ART before 2011, the following findings were noted: (1) adults had a 64% higher probability of receiving IPT (Hazard Ratio [HR] = 1.64; 95% CI: 1.02-2.61) in relation to children and adolescents, (2) the likelihood of receiving IPT did not statistically differ between patients in the densely populated districts (HR = 1.03; 95% CI: 0.46-2.30) and those in the sparsely populated regions and (3) longer durations on ART were associated with higher chances of IPT uptake. For example, patients on ART for 5 or more years were three times more likely to receive IPT compared to patients on ART for less than 5 years (HR = 3.34; 95% CI: 2.06-5.43). However, comparing two subjects on ART for 5 or more years in the densely populated districts and considering the interaction terms, having 5 or more years of ART was 20% more likely to receive IPT compared to patients on ART for less than 5 years.
Considering the patients enrolled in the 2011-2016 period, notable trends were as follows: (1) adults had 78% higher probability of receiving IPT (HR = 1.78; 95% CI: 1.00-3.15) in relation to children and adolescents; (2) patients in the densely populated districts had 59% lower likelihood of receiving IPT (HR = 0.59; 95% CI: 0.38-0.94) compared to the sparsely populated districts and (3) longer durations on ART were still associated with higher chances of IPT initiation. For instance, patients on ART for 5 or more years were 33% more likely to receive IPT compared to patients on ART for less than 5 years (HR = 1.33; 95% CI: 1.00-1.76). However, comparing two subjects on ART for 5 or more years in the densely populated districts and taking into account the interaction terms, having 5 or more years of ART was 34% more likely to receive IPT compared to patients on ART for less than 5 years. http://www.sajid.co.za Open Access
Discussion
The study found a high IPT uptake (68.8%) with generally a slow IPT initiation rate of 20.6 per 100 person-years. This indicates that despite the majority of PLHIV getting initiated on IPT, the rate of IPT implementation remains slow. More importantly, this study also indicates the need for reporting the rate of initiation for IPT in addition to national coverage statistics as is the current practice globally. Currently, data on rate IPT initiation are scarce, with only Brazil reporting such data -the rate of initiation in that country was 20.0 per 100 person-years in 2014. 4 Widespread tracking of the rate of initiation for IPT in developing countries would certainly need more bioinformatic tools and skills that are often lacking in these countries.
Despite the lack of comparable data on the rate of IPT initiation from other countries in the southern African region and beyond, IPT coverage in Lesotho is commendable and encouraging. To put IPT coverage for Lesotho into perspective, WHO 1 reports that national coverage for IPT in 15 of the 30 high HIV/TB burden countries ranged from 1% in Swaziland to 53% in South Africa. Other countries in subSaharan Africa with IPT coverage higher than 30% include Ethiopia (45%), Nigeria (39%), Sierra Leone (22%), Zambia (18%), Namibia (15%) and Angola (13%). Notably, IPT coverage in many sub-Saharan countries, such as Botswana, Malawi, Ghana and Uganda, was unknown in 2017. 1 Therefore, considering the high TB burden in Lesotho, there is need to maintain the high uptake rate for IPT while improving the slow rate of initiation to ensure that newly ART-initiated patients are given IPT as early as possible. 23 Given that IPT is projected to be more effective in high TB burden countries when optimally implemented, 24 this study further highlights that Lesotho is losing the opportunity to control TB through IPT. With an incidence rate of TB exceeding 600 cases/100 000 population, 24 Lesotho needs to intensify the scaling up of IPT.
The median time to IPT for the 2004-2010 cohort was almost twice as high as that of the 2011-2016 cohort, implying that the patients enrolled on ART after IPT was launched have a higher initiation rate in this setting. This disparity therefore needs to be addressed.
The fact that children and adolescents had a lower chance of IPT initiation compared to adults in both the 2004-2010 and 2011-2016 cohorts emphasises the need for scale-up efforts for these patient groups. Tadesse et al. 7 and Triasih et al. 25 in Ethiopia and Indonesia, respectively, note that children in resource-limited high TB burden settings have a low initiation rate of IPT despite that a 6-month course of IPT reduces the risk of childhood TB by the same margin of about 60% as adults. Lesotho therefore needs to scale-up TB contact screening as recommended by WHO. 23 Deficiencies for the identification of children in need of IPT have also been reported in Brazil, Benin and Indonesia, 25, 26, 27 and these include health care worker and health facility-related factors, including social support and access.
Isoniazid preventive therapy initiation in the densely populated districts was much lower in the 2011-2016 cohort. Access to HIV/TB services including IPT in the densely populated districts has generally been slow because of a number of reasons including resource limitations for scaleup efforts in these areas that have an estimated 72% of the country's population. 19 The lower initiation rates in the densely populated districts indicate that IPT scale-up efforts, currently supported by President's Emergency Plan for AIDS Relief (PEPFAR) Lesotho, 19 need to be intensified in these districts.
Interrupting of IPT therapy in this study was associated with staying in the sparsely populated districts, being male, having baseline CD4 count of 351 cells/mm 3 -500 cells/mm 3 and baseline WHO clinical stage IV. Patients in the sparsely populated districts, particularly those who are bedridden and in WHO clinical stage IV, may be interrupting therapy because of long distances from the hospitals and the mountainous terrain associated with these geographic locations. Scaling up health care delivery in these areas is therefore needed to reduce therapy interruption. In South Africa, inefficient health service delivery, ineffective communication with health care workers and the financial burden of transport to clinic were the most significant factors for interrupting IPT therapy. 28 Higher rates of treatment interruption among men emphasise the need for intensified patient education in this group. In Botswana, men also had more interrupted IPT therapy than women. 29 A qualitative assessment of the factors contributing to low IPT initiation is required in this setting. Of note, barriers to IPT implementation in other settings include health care worker inexperience, unawareness of the benefits of IPT, as well as poor understanding of IPT guidelines and TB screening tools. 30 Therefore, there is a need to assess the effect of health care worker factors on implementation of IPT in Lesotho.
Of note, in some African countries such as the Ivory Coast, the national guidelines had not started using IPT by 2014, citing that IPT could lead to resistant TB bacilli in patients with undiagnosed TB. 11 This highlights the magnitude of the challenge of scaling up this intervention in developing countries.
This study is not without limitations, one of which is the lack of data on patient views. As Ostermann et al. 12 note, interventions must factor in the preferences of the intended target populations to improve initiation and adherence to the intervention. Therefore, investigations on patient preferences and concerns about IPT are needed in Lesotho. However, the main strength of this study is the reporting of IPT initiation in person-years which allows comparisons with other settings outside Lesotho. This study also demonstrates that routine data in ART programmes of developing countries can be useful for inferential analysis.
Conclusion
This study investigated the rate of IPT initiation from the time the IPT programme was launched in 2011 in a high TB burden setting of Lesotho. Despite the high overall IPT uptake, the rate of IPT initiation was slow. The slow initiation of IPT is disconcerting and the factors associated with poor rate of initiation in this study need to be addressed. The high rate of IPT treatment interruption in the sparsely inhabited districts is evidence to the need to improve the monitoring of this programme. Clearly, the implementation of this health intervention in a high TB burden setting of Lesotho needs further scale-up. 
